Summary. Mice were inoculated with murine cytomegalovirus at 14 and 7 days before and 1 and 4 days after mating. The effects of maternal infection on early pregnancy were investigated. Inoculation 7 days before and 1 day after mating, i.e. around ovulation and implantation, significantly reduced pregnancy rate. Embryos in these females were developmentally retarded, perhaps because of the inflammatory effect of the infection on the genital tract. Retarded embryos developed normally when cultured.
Introduction
The materno-fetal interactions of virus infections during human pregnancy have been frequently reviewed (Blattner, Williamson & Heys, 1973; Fucillo & Sever, 1973; Hardy, 1973) , and have been studied in laboratory animals (Ferm & Kilham, 1964; Hassan & Cochran, 1969; Selzer, 1969; Coid & Wardman, 1971 ). Certain viruses have been shown to cause fetal wastage, congenital infection, morphological anomaly and other forms of reproductive failure following maternal infection in the postimplantation stages of pregnancy. However, little attention has been given to the possible effects of viral infection occurring before conception or during the preimplantation period. Mims (1966) has demonstrated by immunofluorescence that transmission of lymphocytic choriomeningitis virus may occur from parent to offspring through the infected ovum, and many leukoviruses are also transmitted by this vertical route (Bentvelzen, Daams, Hageman & Calafat, 1970 ; Calarco & Szollosi, 1973 ; Kalter et al., 1975) . The preimplantation embryo is a favourable environment for the replication of certain viruses : Mengo encephalitis virus (Gwatkin & Auerbach, 1966) ; human adenovirus type 5 (Chase, Winters & Piko, 1972) ; simian virus 40, Moloney sarcoma virus and polyoma virus (Baranska, Sawicki & Koprowski, 1971; Biczysko, Solter, Pienkowski & Koprowski, 1973) have been shown in vitro to infect and replicate within preimplantation mouse embryos, usually resulting in the death of the embryo.
Thus, maternal infection occurring at the times of ovulation and implantation might jeopardize the success of pregnancy, particularly if the infection produces an acute viraemia with an associated dissemination of infection in the genital tract.
Cytomegalovirus (CMV) has been isolated from the human genital tract during chronic infection (Medearis, Montgomery & Youngblood, 1970) , and Lang & Kummer (1972) have isolated infectious CMV in the semen of a patient with a CMV mononucleosis, suggesting that venereal transmission might result in an ascending genital tract infection. In the mouse, the virus causes an acute, generalized infection which reaches its maximum 3-4 days after inoculation and persists for a further 7-9 days. Medearis (1964) and Johnson (1969) have attempted to produce intrauterine infections with the murine cytomegalovirus (MCMV) during pregnancy and found that infection caused fetal wastage, which was almost certainly due to the indirect effects of maternal ill health. The authors were unable to isolate virus from the surviving fetuses and concluded that the virus does not cross the placenta. However, the MCMV was inoculated either after implantation, when the pregnancy was well established, or several weeks before mating, by which time the maternal viraemia had subsided.
In the experiments described in the present paper, viraemia was timed to coincide with ovulation and implantation. Thus, the effects of maternal infection on the development in vivo of preimplanta¬ tion mouse embryos were studied. (Whittingham, 1971) , and transferred to droplets of this medium under paraffin oil in sterile plastic dishes (Falcon Plastics) for culture. They were then incubated at 37°C in a water-saturated atmosphere of 5 % C02 in air for 72 hr (Day 2 embryos) or 48 hr (Day 3 embryos). After culture, the stage of development reached was determined by microscopic examination.
Virus
The Smith strain of murine cytomegalovirus (Smith, 1954) 
Development in vivo
To investigate the reasons for the failure of implantation, mice infected 7 days before and 1 day after mating were killed on Days 2, 3 and 4 of pregnancy. Examination post mortem revealed that the uteri and oviducts of infected mice were inflamed, there being increased vascularization and enlarge¬ ment of the mesenteric vessels. The lumbar and renal lymph nodes, which drain the uterus, were greatly enlarged. The developmental stages of the embryos collected are shown in Table 2 . On Day 4 of pregnancy there were significantly fewer blastocysts, with correspondingly more morulae and degenerate embryos in the uteri of infected mice than in those of uninfected controls. This retardation in development was also observed earlier in the preimplantation period. Most of the embryos collected on Days 2 and 3 of pregnancy from infected mice were one developmental stage behind those from uninfected donors (Table 2) .
These results show that preimplantation development is retarded when maternal infection is timed appropriately. Further analysis of these data also suggests the all-or-none nature of the response to infection described earlier. On Day 4 of pregnancy, 32-5 % of 40 infected mice had a number of blastocysts equal to or greater than the mean found in a group of 45 uninfected mice, while 42-5 % had no blastocysts at all. Therefore, while some mice would fail to become pregnant due to an absence of blastocysts from the uterus at implantation, others, albeit a minority, would exhibit normal pregnancy.
Development in vitro
There was no significant difference in the development in vitro of embryos collected on Days 2 and 3 of pregnancy from mice inoculated 7 days before or 1 day after mating with infectious or inactivated virus (Table 3) . These results show that despite developmental retardation in vivo preimplantation embryos collected from infected mice were not affected irreversibly and were able to develop normally in vitro.
Discussion
These experiments show that there is a failure in pregnancy when maternal infection with MCMV is timed appropriately. There appears to be a critical period when infection will jeopardize the onset of pregnancy. When the infection is timed to coincide with ovulation and preimplantation development, implantation frequently fails to occur. Implantation is not affected when the infection ends before ovulation and the apparent infertility is therefore only temporary. Similarly, when inoculation occurs late in the preimplantation period, generalized infection begins after implantation and the onset of pregnancy is unaffected.
These results also show clearly that infection during this critical period caused a retardation in early embryonic development. In a normal mouse, the uterus is only receptive to the implanting embryos for a few hours (Finn, 1966 (Adams, Heath, Imagawa, Jones & Shear, 1956) .
Therefore, it can be concluded that maternal infection can affect the course of preimplantation development in the mouse. The outcome of CMV infection during human pregnancy, however, differs considerably from the murine situation. Placental transmission of CMV is known to occur in women and this can result in abnormal fetal development (Potter, 1957; Weiler, 1971; Weller & Hanshaw, 1962) . Cytomegalovirus is host-specific, and there is wide variation in the course of infection depending upon the host species. However, despite these differences, one may speculate that a similar situation to that described in this paper 
